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57 ABSTRACT

The purpose of the present invention is to provide a semicon-
ductor storage device, which has small resistance in the ON
state, and a small leak current in the OFF state, and which has
a small-sized select transistor used therein. In this semicon-
ductor storage device, a channel of a first select transistor that
selects a memory cell array is electrically connected to each
of the adjacent memory cell arrays (see FIG. 1).

13 Claims, 22 Drawing Sheets
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1
SEMICONDUCTOR STORAGE DEVICE

TECHNICAL FIELD

The present invention relates to semiconductor storage
devices.

BACKGROUND ART

In recent years, phase-change memories using chalco-
genide materials as recording materials have been actively
researched. Phase-change memory is a type of resistance
random access memories that store information utilizing that
the recording material between electrodes has different resis-
tive states.

Phase-change memory stores information utilizing that the
electric resistance of phase-change materials such as
Ge,Sbh,Tes is different between the amorphous state and the
crystal state. The resistance is high in the amorphous state and
is low in the crystal state. Therefore, the information is read
out from the memory by providing the both ends of the
element with an electric voltage difference, by measuring the
electric current flowing through the element, and by identi-
fying the high resistance state/low resistance state of the
element.

Phase-change memory rewrites data by changing the elec-
tric resistance of the phase-change film into different state
using Joule heat generated by electric current. Reset opera-
tion, i.e. an operation changing the phase-change material
into highly resistive amorphous state, is performed by caus-
ing a large current to flow for short time to melt the phase-
change material, and then by rapidly decreasing the current to
rapidly cool the phase-change material. On the other hand, set
operation, i.e. an operation changing the phase-change mate-
rial into lowly resistive crystal state, is performed by causing,
for long time, an electric current to flow that is sufficient for
keeping the phase-change material at the crystallization tem-
perature. This phase-change memory requires smaller current
to change the state of the phase-change film as the size of the
memory is miniaturized. Thus it is theoretically suitable for
miniaturization. Therefore, the phase-change memory has
been actively researched.

Patent Literature 1 listed below describes, as a method for
highly integrating a phase-change memory, a configuration
where: in a stack structure in which multiple of gate electrode
materials and insulator films are stacked alternately, multiple
through holes penetrating all layers are formed by collective
processing; a gate insulator film, a channel layer, and a phase-
change film are formed inside the through hole. Each of the
memory cells includes a transistor and a phase-change ele-
ment connected in parallel. The memory cells are serially
connected in the vertical direction, i.e. in the normal direction
with respect to the semiconductor substrate, thereby forming
aphase-change memory chain. In the array structure in Patent
Literature 1, a vertical select transistor selects each of the
phase-change memory chains. The channel semiconductor
layer of each select transistor has a structure separated for
each of the phase-change memory chains.

In the example described in Patent Literature 2 listed
below, a diode is used instead of select transistor to select each
phase-change memory chain. Patent Literature 2 also dis-
closes a configuration where: when further stacking multiple
phase-change chains, the electrode terminals are shared
between resistance-change chains of each layer in order to
suppress increase in number of terminals to which indepen-
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2

dent electric voltages are provided; only the gate terminal of
the newly added layer select transistor is independently oper-
ated.

CITATION LIST
Patent Literature

Patent Literature 1: JP Patent Publication (Kokai) 2008-
160004 A
Patent Literature 2: WO 2011/074545

SUMMARY OF INVENTION
Technical Problem

The memory described in Patent Literature 1 has technical
problems described below. In order to decrease bit costs, it is
desirable to stack as many memory cells as possible. How-
ever, when many memory cells are stacked, the number of
cells connected in series is increased. Thus the voltage
between both ends of chain, which is necessary to flow an
electric current required for rewrite operation of the phase-
change memory, is increased. On the other hand, a voltage
required for rewriting the selected chain is applied simulta-
neously to the non-selected chain. Thus it is necessary to
prevent electric current from flowing through the non-se-
lected chain by turning OFF the select transistor.

In order to stack as many cells as possible, it is necessary to
suppress voltage drop by decreasing the ON resistance of the
select transistor and to keep the voltage applied to the phase-
change memory chain. On the other hand, in terms of the
non-selected chain, it is necessary to suppress OFF leak cur-
rent of the select transistor. Therefore, it is required for the
select transistor to decrease the resistance in ON state and to
decrease leak current between source/drain in OFF state.
However, it may be difficult for the technique described in
Patent Literature 1 to achieve both of them. For example, in
order to decrease the resistance in ON state, the channel
length of the select transistor may be decreased. However, it
increases the leak current between source/drain in OFF state
due to short channel] effect.

In the technique described in Patent Literature 2, it is also
required to decrease the resistance in ON state and to decrease
the leak current in OFF state. However, it may be difficult to
achieve both of them. In other words, regarding the diode
described in Patent Literature 2 that is used instead of the
select transistor, it may be difficult to decrease the resistance
in forward bias ON state and to decrease the leak current in
reverse bias OFF state simultaneously.

For example, the technical problem mentioned above
regarding the select transistor may be solved by increasing the
channel width of each of the select transistors and then by
increasing the channel length of the select transistor. How-
ever, it also increases the size of the select transistor, which
decreases the memory cell density in the in-plane direction of
the semiconductor substrate. It prevents bit costs from being
decreased.

The present invention is made in the light of the above-
described technical problems. It is an objective of the present
invention to provide a semiconductor storage device using a
select transistor which resistance in ON state and which leak
current in OFF state are both small and which size is small.

Solution to Problem

In a semiconductor storage device according to the present
invention, a channel of a first select transistor that selects a
memory cell array is electrically connected with each adja-
cent memory cell array.
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Technical problems, configurations, and effects other than
mentioned above will be understood with reference to
descriptions of embodiments below.

Advantageous Effects of Invention

With the semiconductor storage device according to the
present invention, it is possible to manufacture a preferable
memory cell array by densification to achieve increasing
capacity and decreasing bit cost of the semiconductor storage
device.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1(a) is a schematic cubic diagram showing a configu-
ration of a memory cell array portion of a semiconductor
storage device according to an embodiment 1.

FIG. 1(b) is an XZ sectional diagram of the schematic
cubic diagram of FIG. 1(a) according to embodiment 1.

FIG. 2 is an equivalent circuit diagram of the semiconduc-
tor storage device of FIG. 1(a).

FIG. 3(a) is a schematic cubic diagram of a conventional
select transistor STTr configuration.

FIG. 3(b) is a schematic cubic diagram of a configuration
of a select transistor STTr according to the embodiment 1.

FIG. 4(a) is a YZ sectional diagram of the conventional
select transistor STTr configuration of FIG. 3(a).

FIG. 4(b) is aYZ sectional diagram of the select transistor
STTr configuration of F1G. 3(5) according to the embodiment
1.

FIG. 5(a) is a diagram showing electric current flows
through a channel semiconductor layer 50p in the embodi-
ment 1 when a phase-change memory chain is selected and
adjacent phase-change memory chains are not selected.

FIG. 5(b) is a diagram showing electric current flows
through a channel chains are densely selected.

FIG. 6(a) is sa schematic cubic diagram showing a con-
figuration of a memory cell array portion of a semiconductor
storage device according to an embodiment 2.

FIG. 6(b) is an XZ sectional diagram of the schematic
cubic diagram of FIG. 6(a) according to the embodiment 2.

FIG. 7 is an equivalent circuit diagram of the semiconduc-
tor storage device of FIG. 6(a).

FIG. 8(a) sectional diagram of a structure of a select tran-
sistor STTr, in the embodiment 2.

FIG. 8(b) is a diagram showing characteristics of a select
transistor STTr, in the embodiment 2.

FIG. 9(a) is a schematic cubic diagram showing a portion
of a memory cell array portion of a semiconductor storage
device according to an embodiment 3.

FIG. 9(b) is a diagram showing a leak current flow in the
portion of a memory cell array portion of FIG. 9(a) according
to the embodiment 3.

FIG. 10 is an equivalent circuit diagram of the semicon-
ductor storage device shown in FIG. 9(a).

FIG. 11(a) is a schematic cubic diagram showing a con-
figuration of a memory cell array portion of a semiconductor
storage device according to an embodiment 4.

FIG. 11(b) is an XZ sectional diagram of the schematic
cubic diagram of FIG. 11(a) according to the embodiment 4.

FIG. 12 is an equivalent circuit diagram of the semicon-
ductor storage device of FIG. 11(a).

FIG. 13(a) is a schematic cubic diagram showing a con-
figuration of a memory cell array portion of a semiconductor
storage device according to an embodiment 5.

FIG. 13(b) is an XZ sectional diagram of the schematic
cubic diagram of FIG. 13(a) according to the embodiment 5.
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4

FIG. 14 is an equivalent circuit diagram of the semicon-
ductor storage device of FIG. 13(a).

FIG. 15 is a schematic cubic diagram of a portion of a
memory cell array portion of a semiconductor storage device
according to an embodiment 6.

FIG. 16 is an equivalent circuit diagram of the semicon-
ductor storage device of FIG. 15.

FIG. 17 is a sectional diagram of a portion ofa memory cell
array portion of a semiconductor storage device according to
an embodiment 7.

FIG. 18 is an equivalent circuit diagram of the semicon-
ductor storage device of FIG. 17.

FIG. 19 is a sectional diagram of a portion of a memory cell
array portion of a semiconductor storage device according to
an embodiment 8.

FIG. 20 is a schematic cubic diagram of the semiconductor
storage device shown in FIG. 19.

FIG. 21 is an equivalent circuit diagram of the semicon-
ductor storage device of FIG. 20.

FIG. 22 is a diagram showing modifications of FIGS.
19-21.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the present invention will be
described in details with reference to figures. In all figures
describing the embodiments, same reference signs are
assigned to members having same functionalities, and repeti-
tive description will be omitted. Portions described for char-
acteristic configurations are not limited to the embodiments.
It is noted that a same configuration achieves a same effect.

Embodiment 1

FIG. 1 is a diagram showing a configuration of a memory
cell array portion of a semiconductor storage device accord-
ing to an embodiment 1 of the present invention. FIG. 1(a) is
a schematic cubic diagram of a portion of the semiconductor
device. FIG. 1(b) is a XZ sectional diagram of FIG. 1(a).

The electrode 3 works as a bit line (selection electrode) that
is extended in the X direction and that selects the phase-
change memory chain PCMCHAIN in the Y direction. A
stacked body is disposed below the electrode 3 in which a gate
polysilicon layers 21p, 22p, 23p, and 24p working as cell gate
electrodes and insulator films 11, 12, 13, 14, and 15 are
alternately stacked. The phase-change memory chain PCM-
CHAIN is formed in the Z direction hole formed in the
stacked body. The select transistor STTR. includes a gate
electrode 81p, a gate insulator film 10, and a channel semi-
conductor layer 50p. Insulating films 71, 72, and 31 are dis-
posed around the select transistor STTr. A planar electrode 2
is disposed below the select transistor STTr. A N-type semi-
conductor layer 38p electrically connects the electrode 3 with
PCMCHAIN. An insulator film 92 is formed between the
electrode 3 and PCMCHAIN. A N-type semiconductor layer
60p clectrically connects the electrode 2 with the channel
semiconductor layer 50p. PCMCHAIN formed in the hole of
the stacked body includes a gate insulator film 9, a channel
semiconductor layer 8p, a phase-change material layer 7, and
an insulator film 91.

InFIG. 1, the bit line 3 extending in the X direction and the
gate electrode 81p of the select transistor STTr. extending in
the Y direction may be formed by 2F pitch and 3F pitch
respectively. F is the minimum feature size. In other words, a
memory cell can be formed having a projection area size of
6F? in the XY plane.
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Materials such as Ge,Sh,Tes that store information utiliz-
ing different resistances between the amorphous state and the
crystal state may be used as the phase-change material layer
7. An operation changing from the highly resistive amor-
phous state into the lowly resistive crystal state, i.e. set opera-
tion, is performed by heating the phase-change material in
amorphous state above the crystallization temperature, and
by keeping the temperature for approximately more than 1075
second to turn the material into crystal state. The phase-
change material in crystal state can be changed into amor-
phous state by heating the material above the melting tem-
perature to turn the material into liquid state, and then by
cooling the material rapidly.

FIG. 2 is an equivalent circuit diagram of the semiconduc-
tor storage device of FIG. 1. Voltage conditions for read
operation/set operation/reset operation are also described in
the figure. Each memory cell is constructed by a cell transistor
and a phase-change memory connected in parallel. PCM-
CHAIN is formed by serially connecting memory cells. The
voltage application circuit is a circuit that applies electric
voltages to each electrode. Embodiments described below
comprise the voltage application circuit.

When selecting a cell in PCMCHAIN, an electric voltage
difference is applied to both ends of the serially connected
memory cells, an ON voltage of cell transistor is applied to the
cell gate of non-selected memory cells, and an OFF voltage of
cell transistor is applied to the cell gate of the selected cell
(SMC). Accordingly, an electric current flows through the
transistor in the non-selected cells, and an electric current
flows through the phase-change material layer 7 in SMC.
Namely, the electric current flows through the phase-change
material layer 7 of the selected cell only, thereby reading or
writing information.

Reset operation/set operation are performed using Joule
heat of the electric current flowing through the phase-change
material layer 7 of SMC. Read operation is performed by
detecting the electric current flowing through the phase-
change material layer 7 of SMC to identify the resistive state.

The select transistor STTr. is used for selecting PCM-
CHAIN. ON voltage is applied to the gate of the select tran-
sistor STTr. connected to PCMCHAIN including SMC. OFF
voltage is applied to the gates of the other select transistors
STTr. A voltage corresponding to reset/set/read operation
(VRESET/VSET/VREAD) is applied to the bit line 3 con-
nected to PCMCHAIN including SCM. 0V is applied to other
ones of the bit lines 3 (non-selected bit line), which is the
same voltage as that of the wire configured by the lower
electrode 2 (word line WL). Accordingly, an electric voltage
difference is provided only to the both ends of PCMCHAIN
including SMC. As a result, it is possible to selectively oper-
ate the device by selecting SMC only.

FIG. 3 is a schematic cubic diagram of the select transistor
STTr. For the sake of comparison, FIG. 3(a) shows a configu-
ration of conventional select transistor STTr. and FIG. 3(b)
shows the configuration of the select transistor STTr. of the
embodiment 1.

In the conventional configuration shown in FIG. 3(a), the
channel semiconductor layers 50p of the select transistor
STTr. are separated for each PCMCHAIN in the Y direction.
On the other hand, in the configuration of the embodiment 1
shown in FIG. 3(4), the channel semiconductor layer 50p is
shared between PCMCHAINs adjacent each other in the Y
direction. In other words, the channel semiconductor layer
50p of one of the select transistors STTr. for selecting a
PCMCHAIN is electrically connected with the channel semi-
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6

conductor layer 50p of another one of the select transistors
STTr. for selecting another PCMCHAIN adjacent in the Y
direction.

FIG. 4 is a YZ sectional diagram of FIG. 3. FIG. 4(a)(b)
each correspond to FIG. 3(a)(b). Hereinafter, the difference
between the conventional select transistor STTr. and the
select transistor STTr. in the embodiment 1 will be described
in details using FIG. 4.

One of characteristics required for the select transistor
STTr. is that the withstand voltage between source/drain in
OFF operations must be at or more than the electric voltage
difference between the selected bit line voltage (VRESET/
VSET/VREAD) and the word line voltage (0V). The with-
stand voltage between source/drain can be achieved by
increasing the channel length of STTr. However, it also
increases the resistance between source/drain during ON
operation, which increases the voltage drop. Therefore, the
voltage applied to both ends of the selected chain SPCM-
CHAIN is decreased. On the other hand, if the number of
serially connected memory cells in a chain cell is increased,
the number of non-selected cells serially connected with
SMC is also increased, thereby increasing the voltage drop at
non-selected cells. Therefore, it is necessary to apply larger
voltages to both ends of SPCMCHAIN. Because of the
above-described reasons, if the voltage drop between source/
drain of STTr. connected to SPCMCHAIN is increased, the
number of cells that can be stacked shown in FIGS. 1 and 2 is
decreased, which prevents bit costs from being decreased.

It is necessary to keep the channel length of the select
transistor STTr. at or more than a minimum length LCHMIN
that can keep the withstand voltage between source/drain.
Thus in the embodiment 1, a configuration shown in FIG. 4(5)
is employed to keep the channel length of the select transistor
STTr. at or more than LCHMIN and to reduce the resistance
between source/drain during N operation.

In the conventional configuration shown in FIG. 4(a), the
channel length of the select transistor STTr. is kept more than
LCHMIN. On the other hand, an electric current flows
through the channel semiconductor layer 50p with a width of
F, which causes high electric resistance.

In the configuration of the embodiment 1 shown in FIG.
4(b), a recess is provided at the channel semiconductor layer
50p between adjacent PCMCHAINs. By configuring the
depth of the recess appropriately, the channel length of the
select transistor STTr. may be kept at or more than LCHMIN.
Specifically, the interval between adjacent PCMCHAINs is F.
Thus the depth of the recess may be at or more than (LCH-
MIN-F)/2, thereby keeping the leak current path (LEAK-
PATH) at or more than LCHMIN. It is equivalent to keeping
the channel length at or more than LCHMIN. Accordingly, a
withstand voltage can be kept at or more than the voltage
difference between the electrical voltage (VRESET/VSET/
VREAD) of the bit line 3 (SBL) of the selected chain (SPC-
MCHAIN) and the electrical voltage (0V) of the bit line 3
(USBL) of the non-selected chain (USPCMCHAIN) that are
adjacent in the Y direction. Further, as described in FIG. 5
later, the electric current flows into the Y direction in spread
manner because the channel semiconductor layer 50p is con-
tinuous in the Y direction. Thus the resistance is significantly
decreased from FIG. 4(a).

FIG. 5 is a diagram showing that an electric current flows
through the channel semiconductor layer 50p in the embodi-
ment 1. As shown in FIG. 5(a), the current density at the
portion of the channel semiconductor layer 50p where the
widthinY direction is F is the same as that of the conventional
configuration. However, since the electric current flows into
theY direction in spread manner at the portion shared in the Y
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direction, it may be deemed that the resistance is low. Con-
sidering those portions totally, it may be deemed that the
channel semiconductor layer 50p in the embodiment 1 has a
lower resistance than the conventional configuration.

It is noted that the effect in FIG. 5(a) is achieved when
PCMCHAIN is sparsely selected in the Y direction. As shown
in FIG. 5(a), if adjacent PCMCHAINs are not selected, the
electric current flowing through SPCMCHAIN flows into the
Y direction in spread manner within the channel semiconduc-
tor layer 50p. However, as shown in FIG. 5(b), if PCM-
CHAINS are densely selected in the Y direction, there is no
margin for the electric currents flowing through each SPCM-
CHAIN to spread in the Y direction. Thus the effect for
decreasing the resistance is small.

Embodiment 1
Summary

As discussed thus far, with the semiconductor storage
device according to the embodiment 1, it is possible to keep
the channel length for keeping the withstand voltage between
source/drain in OFF operation, while decreasing the channel
resistance in ON operation. Accordingly, it is possible to
increase the number of cells that can be stacked in PCM-
CHAIN. As a result, it is possible to increase capacity and to
decrease bit costs of the semiconductor storage device.

Embodiment 2

In the semiconductor storage device according to the
embodiment 1, the pitch between memory cells in the X
direction is 3F. Thus together with the pitch 2F in the Y
direction, the projected area size of the memory cell in the XY
plane is 6F2. In an embodiment 2 of the present invention, a
configuration example will de described where the pitch of
the memory cell in the X direction is 2F, so that the projected
area size of the memory cell in the XY plane is 4F°.

FIG. 6 is s diagram showing a configuration of a memory
cell array portion of a semiconductor storage device accord-
ing to the embodiment 2. FIG. 6(a) is a schematic cubic
diagram of a portion of the semiconductor storage device.
FIG. 6(b) is a XZ sectional diagram of FIG. 6(a). For the sake
of simplicity, some portions such as cell gates or gate insula-
tor films are omitted in the figure.

The difference from the embodiment 1 is that the gate
electrode 81p of the select transistor STTr. does not have a
groove for separating in the X direction, i.e. a space with size
of F into which the insulator film 31 is embedded. Thus in
STTr. of the semiconductor storage device shown in FIG.
6(a), the gate electrode 81p is sandwiched by the channel
semiconductor layer 50p through gate insulator films 10 from
both sides in the X direction. This configuration achieves that
both of the pitch of STTr. in the X direction and the pitch of
PCMCHAIN formed above STTr. and connected to STTr. are
2F. As mentioned later, however, since the insulator film 31 is
omitted, when applying ON voltage to one of the gate elec-
trodes 81p, the channel semiconductors 50p at both sides of
the gate electrode 81p are turned ON.

In the configuration shown in FIG. 6, as in the embodiment
1, the channel semiconductor layer 50p of ST Tr. is continuous
in the Y direction, and a recess as in FIG. 4 is formed at the
upper surface of the channel semiconductor layer 50p.
Accordingly, the leak current between SPCMCHAIN and
USPCMCHAIN adjacent in the Y direction can be sup-
pressed.
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One of technical problems of the select transistor STTr.
shown in FIG. 6 is that: when applying ON voltage to one of
the gate electrodes 81p, the channel semiconductor layers 50p
at both sides of that gate electrode 81p in the X direction are
both turned ON, thereby selecting two portions in the X
direction simultaneously. The technical problem is addressed
as below in the embodiment 2.

Ifthe thickness ofthe channel semiconductor layer 50p, i.e.
the size TSi in the X direction, is sufficiently small, the chan-
nel semiconductor layer 50p can be turned OFF even when
ON voltage is applied to one of the gate electrodes 81p at both
sides of the channel semiconductor layer 50p, by applying
strong OFF voltage to anther one of the gate electrode 81p.

For example, as shown in FIG. 6(5), regarding the channel
semiconductor layer 50p to be turned ON (rightmost), ON
voltage (5V in FIG. 6(b)) is applied to both sides of the gate
electrodes 81p. In addition, regarding the channel semicon-
ductor layer 50p (second from rightmost) that is in contact
with the gate electrode 81p through the gate insulator film 10
to which 5V is applied and that is to be turned OFF, OFF
voltage stronger than usual (-10V in FIG. 6()) is applied to
the another side of the gate electrode 81p. The channel semi-
conductor layer 50p where 5V is applied to both gates is
turned ON. The channel semiconductor layer 50p where 5V
and -10V are applied is turned OFF. The channel semicon-
ductor layer 50p where both gates are 0V is turned OFF. The
channel semiconductor layer 50p where both gates are 0V and
-10V respectively is turned OFF. Accordingly, only the chan-
nel semiconductor layer 50p where 5V is applied to both gates
is turned ON. Namely, PCMCHAIN can be selected in the X
direction.

FIG. 7 is an equivalent circuit diagram of the semiconduc-
tor storage device of FIG. 6. Voltage conditions of read opera-
tion/set operation/reset operation are also described in the
figure. The method for selecting cells in PCMCHAIN and the
method for reading/writing information with respect to
memory cells are the same as those of the embodiment 1.
Thus the method for selecting PCMCHAIN will be described.

ON voltage (e.g. 5V) is applied to two gates of STTr.
connected with PCMCHAIN including SMC. OFF voltage
(e.g. OV) is applied to gates of other STTr. OFF voltage
stronger than usual (e.g. —10V) is applied to the gate of STTr.
that is connected with the gate of STTr. to which ON voltage
is applied and that is to be turned OFF. A voltage correspond-
ing to reset/set/read operations is applied to the bit line 3
connected with PCMCHAIN including SMC. 0V is applied
to other bit lines 3 (non-selected bit lines) as to the wire (word
line WL) formed by the lower electrode 2. Accordingly, a
voltage difference can be provided only to both ends of PCM-
CHAIN including SMC. As a result, only SMC can be
selected to operate the semiconductor storage device selec-
tively.

FIG. 8 is a diagram showing characteristics of the select
transistor STTr. in the embodiment 2. FIG. 8(a) shows the
structure of STTr. and the film thickness of the channel semi-
conductor layer 50p. FIG. 8(b) shows a dependency of STTr.
on drain current/drain voltage (VD). In FIG. 8, the character-
istic when the voltages of two gates are 5V is shown with (5V,
5V). The characteristic when the voltages of two gates are 5V
and —10V is shown with (5§V, =10V).

In the characteristics shown in FIG. 8, when the gate volt-
ages are (5V, 5V), similar characteristics are achieved regard-
less of the magnitude of TSi. When the film thickness TSi of
the channel semiconductor layer 50p is large, the difference
of drain current between when the gate voltages are (5V, 5V)
and when the gate voltages are (5V, -10V) is small. Namely,
ON/OFF operations of STTr. may not be sufficiently per-
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formed. However, when TSi is sufficiently small, the difter-
ence of drain current between when the gate voltages are (5V,
5V) and when the gate voltages are (5V, -10V) is large. Thus
ON/OFF operations of STTr. may be sufficiently performed.

Embodiment 2
Summary

As discussed thus far, the semiconductor storage device
according to the embodiment 2 can, as in the embodiment 1,
keep the channel length for keeping the withstand voltage
between source/drain in OFF operation of the select transistor
STTr., while decreasing the channel resistance in ON opera-
tion.

In addition, the semiconductor storage device according to
the embodiment 2 achieves the projected area size 4F> of the
memory cell in the XY plane, while achieving the same effect
as that of the embodiment 1. Thus it is advantageous in
increasing the capacity and decreasing bit costs of the semi-
conductor storage device.

Embodiment 3

Inthe embodiment 2, multiple of the wire configured by the
upper electrode 3 are formed by a pitch 2F as bit lines extend-
ing in the X direction. In an embodiment 3 of the present
invention, a configuration example will be described where
the upper electrode 3 is formed in a plate-like shape as the
shape of the lower electrode 2. In the configuration of the
embodiment 3, it is also possible to achieve the projected area
size 4F* of the memory cell in the XY plane by configuring
the pitch 2F in the X/Y directions.

FIG. 9 is a schematic cubic diagram showing a portion of a
memory cell array portion of a semiconductor storage device
according to the embodiment 3. For the sake of simplicity,
some portions such as cell gates or gate insulator films are
omitted in the figure. The difference from FIG. 6 of the
embodiment 2 is that: the bit line 3 is in the form of plate; and
the select transistor is formed by two stages of the lower
STDTr. and the upper STUTr. STUTr. is provided for select-
ing PCMCHAIN in the Y direction in the light of the plate-
like bit line 3.

The gate clectrode 81p of the lower select transistor
STDTr. is formed by 2F pitch extending in the Y direction as
in the embodiment 2. The gate electrode 82p of the upper
select transistor STUTr. is formed by 2F pitch extending in
the X direction perpendicular to 81p. The channel semicon-
ductor 50p of STDTr. is continuous in the Y direction. The
channel semiconductor 51p of STUTr. is continuous in the X
direction.

STDTr. has a structure where the gate electrode 81p is
formed at both sides of the channel semiconductor layer 50p
through gate insulator films, as that of FIG. 8(a). STUTr.
similarly has a structure where the gate electrode 82p is
formed at both sides of the channel semiconductor layer 51p
through gate insulator films. A recess is formed in the channel
semiconductor layer 50p of STDTr. in order to suppress the
leak current between selected cells and non-selected cells, as
inthe embodiments 1 and 2. No such recess is necessary in the
channel semiconductor 51p of STUTr. The reason thereof
will be described in FIG. 9(4).

In the semiconductor storage device of the embodiment 3,
PCMCHAIN is selected by turning ON STDTr. and STUTr.
simultaneously. The leak current flows between the upper
electrode 3 and the lower electrode 2 through (a) USPCM-
CHAIN where STUTr. is ON and STDTr. is OFF, (b) USPC-
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10
MCHAIN where STUTr. is OFF and STDTr. is OFF, and (c)
USPCMCHAIN where STUTr. is OFF and STDTr. is ON.
The current path is shown as sneak path in FIG. 9(5).

The leak current of sneak path always flows through the
channel semiconductor layer 50p in the Y direction where
STDTr. is OFF. Therefore, the leak current can be suppressed
by forming a recess as FIG. 9(a) only in the channel semi-
conductor layer 50p of STDTr. The leak current can be sup-
pressed by forming a recess not in the channel semiconductor
layer 50p of STDTr. but in the channel semiconductor layer
51p of STUTr., as may be understood from the symmetry. In
other words, the leak current can be suppressed by forming a
recess in anyone of STDTr. or STUTr.

FIG. 10 is an equivalent circuit diagram of the semicon-
ductor storage device shown in FIG. 9(a). Voltage conditions
of read operation/set operation/reset operation are also
described in the figure. The method for selecting cells in
PCMCHAIN and the method for reading/writing information
with respect to memory cells are the same as those of the
embodiments 1 and 2. Thus the method for selecting PCM-
CHAIN will be described. In the embodiment 3, both of
STDTr. and STUTr. are used when selecting PCMCHAIN.

ON voltage (e.g. 5V) is applied to two gate electrodes 81p
of STDTr. connected with PCMCHAIN including SMC. OFF
voltage (e.g. OV) is applied to the gate electrodes 81p of other
STDTrs. OFF voltage stronger than usual (e.g. -10V) is
applied to the gate electrode 81p of STDTr. that is connected
with the gate electrode 81p of STDTr. to which ON voltage is
applied and that is to be turned OFF.

ON voltage (e.g. 5V) is applied to two gate electrodes 81p
of STUTr. connected with PCMCHAIN including SMC. OFF
voltage (e.g. OV) is applied to the gate electrodes 82p of other
STUTrs. OFF voltage stronger than usual (e.g. -10V) is
applied to the gate electrode 82p of STU'Tr. that is connected
with the gate electrode 82p of STUTr. to which ON voltage is
applied and that is to be turned OFF.

A voltage corresponding to reset/set/read operations
(VRESET/VSET/VREAD) is applied to the bit line 3 (plate
electrode). OV is applied to the wire (word line WL) config-
ured by the lower electrode 2.

It is possible to provide an electric voltage difference only
to both ends of PCMCHAIN including SMC, by applying
electric voltages to each electrode as described above. As a
result, it is possible to select SMC only to operate the semi-
conductor storage device selectively.

Embodiment 3
Summary

As discussed thus far, the semiconductor storage device
according to the embodiment 3 can, as in the embodiments
1-2, keep the channel length for keeping the withstand voltage
between source/drain in OFF operation of the select transistor
STTr., while decreasing the channel resistance in ON opera-
tion.

In addition, in the semiconductor storage device according
to the embodiment 3, the number of the bit line 3 through
which an electric current flows required for driving PCM-
CHAIN, especially for reset operation/set operations, is
decreased from the embodiments 1-2. Thus it is possible to
decrease the peripheral circuit area size for driving the bit line
3. Further, the semiconductor storage device according to the
embodiment 3 achieves the projected area size 4F* of the
memory cell in the XY plane, while achieving the same effect
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as that of the embodiment 1. Thus it is advantageous in
increasing the capacity and decreasing bit costs of the semi-
conductor storage device.

Embodiment 4

In the embodiments 1-3, PCMCHAIN is formed in the hole
formed in the stacked body of cell gates and insulator films.
One PCMCHAIN is formed in one hole. In an embodiment 4
of the present invention, a configuration example will be
described where the stacked body of cell gates and insulator
films is formed in stripe-shape extending in the Y direction,
and where a pair of PCMCHAIN is formed in the groove
between the stacked bodies.

FIG. 11 is a diagram showing a configuration of a memory
cell array portion of a semiconductor storage device accord-
ing to the embodiment 4. FIG. 11(a) shows a schematic cubic
diagram of a portion of the semiconductor storage device.
FIG. 11(b) shows a XZ sectional diagram of FIG. 11(a). For
the sake of simplicity, some portions such as cell gates or gate
insulator films are omitted in the figure.

In FIG. 11, a groove extended in the Y direction is formed
in the stacked body where cell gate electrodes 21p-24p and
insulator films 11-15 are stacked alternately. A phase-change
memory chain PCMCHAIN is formed in the groove. The
select transistor STTr. is disposed below PCMCHAIN.

PCMCHAIN formed in the groove of the stacked body has
a gate insulator film 9, a channel semiconductor layer 8p, a
phase-change material layer 7, and an insulator film 91.
PCMCHAINS are separated from each other in the Y direc-
tion by 2F pitch at the groove of the stacked body. The
insulator film 91 disposed in the groove of the stacked body
separates each PCMCHAIN in the X direction. Accordingly,
apair of PCMCHAIN is formed opposing to each other in the
X direction within each PCMCHAIN.

The channel semiconductor layer 50p of STTr. is continu-
ous in the Y direction as in the embodiments 1-3. A recess is
formed in the channel semiconductor layer 50p in order to
suppress the leak current between SPCMCHAIN and USPC-
MCHAIN adjacent to each other in the Y direction, as in the
embodiments 1-3.

In FIG. 11, the bit line 3 extending in the X direction may
be formed by 2F pitch, and the gate electrode 81p of the select
transistor STTr. extending in the Y direction may be formed
by 3F pitch, where F is the minimum feature size. Thus a unit
structure can be formed with projected area size 6F2 in the XY
plane. A pair of PCMCHAINSs separated by the insulator film
91 is formed within the unit structure. Thus the projected area
size of PCMCHAIN in the XY plane is 3F.

FIG. 12 is an equivalent circuit diagram of the semicon-
ductor storage device of FIG. 11. Voltage conditions for read
operation/set operation/reset operation are also described in
the figure. The method for selecting cells in PCMCHAIN and
the method for reading/writing information with respect to
memory cells are the same as those of the embodiments 1-3.
The method for selecting PCMCHAIN the same as that of the
embodiment 1.

Embodiment 4
Summary
As discussed thus far, the semiconductor storage device

according to the embodiment 4 can, as in the embodiments
1-3, keep the channel length for keeping the withstand voltage
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between source/drain in OFF operation of the select transistor
STTr., while decreasing the channel resistance in ON opera-
tion.

In addition, the semiconductor storage device according to
the embodiment 4 achieves the projected area size 3F* of the
memory cell in the XY plane, while achieving the same effect
as that of the embodiment 1. Thus it is advantageous in
increasing the capacity and decreasing bit costs of the semi-
conductor storage device.

Embodiment 5

In the semiconductor storage device of the embodiment 4,
the pitch between memory cells in the X direction is 3F. Thus
together with the pitch 2F in the Y direction, the projected
area size of the unit structure in the XY plane is 6F>. Since
there are two PCMCHAINSs in the unit structure, the projected
area size of one PCMCHAIN in the XY plane is 3F>. In an
embodiment 5 of the present invention, a configuration
example will be described where the pitch between memory
cells in the X direction is 2F, thereby achieving the projected
area size of PCMCHAIN in the XY plane of 2F>.

FIG. 13 is a diagram showing a configuration of a memory
cell array portion of a semiconductor storage device accord-
ing to the embodiment 5. FIG. 13(a) shows s schematic cubic
diagram of a portion of the semiconductor storage device.
FIG. 13(b) shows a XZ sectional diagram of FIG. 13(a). For
the sake of simplicity, some portions such as cell gates or gate
insulator films are omitted in the figure.

The difference from FIG. 11 of the embodiment 4 is that the
select transistor is formed by two stages of lower STDTr. and
upper STUTr. Another difference is that the gate electrode
81p of the lower select transistor STDTr. does not have a
groove for separating in the X direction, i.e. a space with size
F where the insulator film 31 is embedded. Thus in the STDTr.
of the semiconductor storage device shown in FIG. 13, the
channel semiconductor layer 50p is formed at both sides of
the gate electrode 81p in the X direction through the gate
insulator film 10. With this configuration, the pitch of STDTr.
in the X direction and the pitch of PCMCHAIN connected
above STDTr. may be both 2F. Note that as in FIG. 6 of the
embodiment 2, when ON voltage is applied to one of the gate
electrode 81p, the channel semiconductor layers 50p at both
sides of the gate electrode 81p are turned ON.

The channel semiconductor layer 50p of STDTr. in the
embodiment 5 is continuous in the Y direction as STTr. in the
embodiment 4. A recess is formed at the upper surface of the
channel semiconductor layer 50p as in the embodiments 1-4.
Accordingly, the leak current between SPCMCHAIN and
USPCMCHALIN adjacent to each other in the Y direction is
suppressed.

As in FIG. 6 of the embodiment 2, ON voltage is applied to
the gate electrode 81p at both sides of the channel semicon-
ductor layer 50p that is to be turned ON. OFF voltage is
applied to the gate electrode 81p at both sides of the channel
semiconductor layer 50p that is to be turned OFF. In order to
turn OFF the channel semiconductor layer 50p contacting
with the gate 81p at one side to which ON voltage is applied,
OFF voltage stronger than usual is applied to another one of
the gate electrode 81p of the channel semiconductor layer
50p. Accordingly, only one of the channel semiconductor
layers 50p aligned in the X direction may be selectively
turned ON.

In the configuration shown in FIG. 13, one pair of PCM-
CHAINS is connected to one channel semiconductor layer
50p. Therefore, an additional selection device is necessary for
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distinguishing and selecting those two PCMCHAINs. Thus in
the embodiment 5, one of PCMCHAINSs is selected using the
upper STUTr.

The gate electrode 82p of STUTr, is formed by 2F pitch
extending in the Y direction. A channel semiconductor layer
8p is formed at both sides of the gate electrode 82p in the X
direction. The channel semiconductor layer 8p is in the same
layer as the channel semiconductor layer 8p of the cell tran-
sistor of PCMCHAIN, and thus is electrically connected with
each other. Two of the channel semiconductor layer 8p is
formed between the gate electrodes 82p adjacent to each other
in the X direction, and is connected with two PCMCHAINs.
The channel semiconductor layer 8p of STUTr. is not con-
tinuous in the Y direction and thus is separated.

The gate electrode 82p is electrically bound alternately,
and can be supplied with electric power from peripheral cir-
cuits. It is possible to electrically connect only one of two
PCMCHAINSs with the bit line by applying ON voltage to one
of the gate electrodes 82p of two STUTr. and by applying
OFF voltage to another one of the gate electrode 82p.

Instead of the channel semiconductor layer 8p of STUTr, it
is conceivable to separate the channel semiconductor layer
50p of STDTr. in the Y direction. In such case, however, it is
impossible to keep the channel length for keeping the with-
stand voltage between source/drain of STDTr. in OFF opera-
tion. In other words, it is necessary to form the recess for
keeping the channel length between adjacent PCMCHAINs
on the channel semiconductor layer of the select transistor for
selecting PCMCHAIN.

FIG. 14 is an equivalent circuit diagram of the semicon-
ductor storage device of FIG. 13. Voltage conditions for read
operation/set operation/reset operation are also described in
the figure. The method for selecting cells in PCMCHAIN and
the method for reading/writing information with respect to
memory cells are the same as those of the embodiments 1-4.
Thus the method for selecting PCMCHAIN will be described.
In the embodiment 5, both of STDTr. and STUTr. are used
when selecting PCMCHAIN.

ON voltage is applied to two gate electrodes 81p of STDTr.
connected with PCMCHAIN including SMC. OFF voltage is
applied to the gate electrode 81p of other STDTr. OFF voltage
stronger than usual is applied to the gate electrode 81p that is
connected with the gate electrode 81p of STDTr. to which ON
voltage is applied and that is another one of the gate electrode
81p of STDTr. to be turned OFF. ON voltage is applied to the
gate electrode 8p of STUTr. connected with PCMCHAIN
including SCM. OFF voltage is applied to the gate electrodes
8p of other STUTr. By applying voltages to each electrode as
above, it is possible to electrically connect between the lower
electrode 2 (word line WL) and the upper electrode 3 (bit line
BL) only for PCMCHAIN including SMC.

Embodiment 5
Summary

As discussed thus far, the semiconductor storage device
according to the embodiment 5 can, as in the embodiments
1-3, keep the channel length for keeping the withstand voltage
between source/drain in OFF operation of the select transistor
STTr., while decreasing the channel resistance in ON opera-
tion.

In the semiconductor storage device according to the
embodiment 5, the channel semiconductor layer 8p of STUTr.
is separated in the Y direction. Thus its ON resistance is large,
decreasing the number of cells that can be stacked in PCM-
CHAIN depending on the ON resistance. However, the pro-
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jected area size of PCMCHAIN in the XY plane is decreased
to 2F?, which is beneficial for densification in the semicon-
ductor substrate plane.

Embodiment 6

In the semiconductor storage device of the embodiment 5,
multiple of the wire configured by the upper electrode 3 is
formed by 2F pitch extending in the X direction. In an
embodiment 6 of the present invention, a configuration
example will be described where the upper electrode 3 is also
formed in plate-like shape as that of the lower electrode 2. The
semiconductor storage device according to the embodiment 6
can configure the pitch between memory cells at 2F both in
the X andY directions, thereby configuring the projected area
size of the unit structure at 4F in the XY plane. In addition, as
in the semiconductor storage device according to the embodi-
ments 4-5, two PCMCHAINSs are formed in the unit structure.
Thus it is possible to configure the projected area size of
PCMCHAIN at 2F? in the XY plane.

FIG. 15 is a schematic cubic diagram of a portion of a
memory cell array portion of a semiconductor storage device
according to the embodiment 6. For the sake of simplicity,
some portions such as cell gates or gate insulator films are
omitted in the figure. The difference from FIG. 14 of the
embodiment 5 is that: the bit line 3 is in plate-like shape; the
upper select transistor is formed by two stages of (STO, STE)
and STUTr.; the gate electrodes of STDTr. is perpendicular to
the gate electrode of the upper select transistor.

STDTr. has a gate electrode (omitted in FIG. 15) extending
in the X direction and the channel semiconductor layer 50p
extending in the X direction. A recess is formed at the top of
the channel semiconductor layer 50p in order to suppress the
leak current between the selected chain and the non-selected
chain, as in the embodiments 1-5. It is not necessary to form
the recess in the channel semiconductor layer 51p of STUTr.
The reason for it is the same as that regarding the sneak path
in the embodiment 3.

FIG. 16 is an equivalent circuit diagram of the semicon-
ductor storage device of FIG. 15. Voltage conditions for read
operation/set operation/reset operation are also described in
the figure. The method for selecting cells in PCMCHAIN and
the method for reading/writing information with respect to
memory cells are the same as those of the embodiments 1-5.
Thus the method for selecting PCMCHAIN will be described.
In the embodiment 6, both of STDTr. and STUTr. are used
when selecting PCMCHAIN.

ON voltage is applied to the gate electrode 81p of STDTr.
connected with PCMCHAIN including SMC. OFF voltage is
applied to the gate electrodes 81p of other STDTr. OFF volt-
age stronger than usual is applied to the gate electrode 81p
that is connected with the gate electrode 81p of STDTr. to
which ON voltage is applied and that is of STDTr. to be turned
OFF.

ON voltage is applied to two gate electrodes 8p of STUTr.
connected with PCMCHAIN including SMC. OFF voltage is
applied to the gate electrode 8p of other STUTr. Strong OFF
voltage is applied to the gate electrode 8p that is connected
with the gate electrode 8p of STUTr. to which ON voltage is
applied and that is another one of the gate electrode 8p of
STUTr. to be turned OFF.

Among STO and STE, ON voltage is applied to the one
connected with PCMCHAIN including SMC, and OFF volt-
age is applied to the another one. A voltage corresponding to
reset/set/read operations (VRESET/VSET/VREAD) is
applied to the bit line 3 (plate electrode). OV is applied to the
wire (word line WL) configured by the lower electrode 2.
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By applying voltages to each electrode as above, it is pos-
sible to provide a voltage difference only to both ends of
PCMCHAIN including SMC. As a result, it is possible to
select SMC only, thereby operating the semiconductor stor-
age device selectively.

Embodiment 6
Summary

As discussed thus far, in the semiconductor storage device
according to the embodiment 6, the number of the bit line 3
through which the electric current flows that is required for
driving PCMCHAIN, especially for reset operation/set
operation, is decreased from the embodiments 4-5. Thus it is
possible to reduce the peripheral circuit area size for driving
the bit line 3. In addition, the projected area size of PCM-
CHAIN in the XY plane is 2F>, which is advantageous for
densification in the semiconductor substrate plane.

In addition, comparing with the semiconductor storage
device of the embodiment 5, all channel semiconductor layers
of the select transistor are shared between adjacent PCM-
CHAINS. Thus it is possible to keep channel length for keep-
ing the withstand voltage between source/drain in OFF opera-
tion of the select transistor, while reducing the channel
resistance in ON operation. Accordingly, it is possible to
increase the number of cells that can be stacked in PCM-
CHAIN. As a result, it is possible to achieve increasing the
capacity and decreasing bit costs of the semiconductor stor-
age device of the embodiment 6.

Embodiment 7

In the semiconductor storage device of the embodiments
5-6, the select transistor is formed by multiple stages in order
to form PCMCHAIN with projected area size of 2F in the
XY plane and to selectively operate the device. In an embodi-
ment 7 of the present invention, a configuration example will
be described where PCMCHAIN is formed with projected
area size of 2F2 in the XY plane and is operated selectively, by
using one stage of the select transistor.

FIG. 17 is a sectional diagram of'a portion of a memory cell
array portion of a semiconductor storage device according to
the embodiment 7. The difference from the semiconductor
storage device of the embodiment 5 is that: the select transis-
tor is formed by one stage; the gate of the select transistor
STTr. is formed by pitch F. The channel semiconductor layer
50p of the select transistor STTr. is connected with only one
PCMCHAIN in the X direction. Although not shown in FIG.
17, the channel semiconductor layer 50p is continuous in the
Y direction, and a recess is formed at the top of it as in the
embodiments 1-6.

FIG. 18 is an equivalent circuit diagram of the semicon-
ductor storage device of FIG. 17. Voltage conditions for read
operation/set operation/reset operation are also described in
the figure. The method for selecting cells in PCMCHAIN and
the method for reading/writing information with respect to
memory cells are the same as those of the embodiments 1-6.
Thus the method for selecting PCMCHAIN will be described.
In the embodiment 7, STTr. is used when selecting PCM-
CHAIN.

ONvoltage is applied to two gate electrodes (one is 81p and
another is 82p) of STTr. connected with PCMCHAIN includ-
ing SMC. OFF voltage is applied to the gate electrode of other
STTr. OFF voltage stronger than usual (e.g. -10V) is applied
to the gate electrode that is connected with the gate electrode
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of STTr. to which ON voltage is applied and that is another
one of the gate electrode of STTr. to be turned OFF.

A voltage corresponding to reset/set/read operations
(VRESET/VSET/VREAD) is applied to the bit line 3 (SBL)
connected with PCMCHAIN including SMC. 0V is applied
to other ones of the bit line (USBL) and to the wire (word line
WL) configured by the upper electrode 2.

By applying voltages to each electrode as described above,
it is possible to provide a voltage difference only to both ends
of PCMCHAIN including SMC. As a result, it is possible to
select SMC only, thereby operating the semiconductor stor-
age device selectively.

Embodiment 7
Summary

As discussed thus far, in the semiconductor storage device
of'the embodiment 7, the projected area size of PCMCHAIN
in the XY plane is 2F>, which is advantageous for densifica-
tion in the semiconductor substrate plane. In addition, the
channel semiconductor layer 50p of STTr. is shared between
adjacent PCMCHAINs. Thus it is possible to keep channel
length for keeping the withstand voltage between source/
drain in OFF operation of the select transistor, while reducing
the channel resistance in ON operation, as in the embodi-
ments 1-6. Accordingly, it is possible to increase the number
of cells that can be stacked in PCMCHAIN. As a result, it is
possible to achieve increasing the capacity and decreasing bit
costs of the semiconductor storage device of the embodiment
7.

Embodiment 8

In order to further increase the capacity of the semiconduc-
tor storage device of the embodiments 1-7, PCMCHAIN may
be further stacked. In an embodiment 8 of the present inven-
tion, a configuration example will be described where PCM-
CHAIN arrays are stacked.

FIG. 19 is a sectional diagram of a portion of a memory cell
array portion of a semiconductor storage device according to
the embodiment 8. A structure is exemplified where a layer
select transistor LSTTr. is formed below PCMCHAIN array
of'the semiconductor storage device described in the embodi-
ment 1, and two layers of that structure are further stacked.
Each of the stacked structures has the same configuration. For
the sake of identifying them, reference numbers of 200th are
assigned to the upper stacked body.

FIG. 20 is a schematic cubic diagram of the semiconductor
storage device shown in FIG. 19. For the sake of simplicity,
some portions such as cell gates or gate insulator films are
omitted in the figure. The channel semiconductor layer 51p of
LSTTr. is extended in the Y direction as the gate electrode 82p
is. One of the channel semiconductor layer 50p of STTr. and
one of the channel semiconductor layer 51p of LSTTr. are
connected with each other.

FIG. 21 is an equivalent circuit diagram of the semicon-
ductor storage device of FIG. 20. Voltage conditions for read
operation/set operation/reset operation are also described in
the figure. By adding LSTTr. to stack PCMCHAIN arrays, at
least one of the bit line 3/the word line 2/the cell gate/the
select transistor gate can be shared between each of multiply
stacked PCMCHAINSs, as shown in the equivalent circuit
diagram of FIG. 21. Accordingly, increase in peripheral cir-
cuit area size required for driving the bit line 3/the word line
2/the cell gate/the select transistor gate can be suppressed,
thereby promoting low bit costs.
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Patent Literature 2 discloses a technique using the layer
select transistor LSTTr. However, the channel semiconductor
layer of the layer select transistor LSTTr. is separated for each
of PCMCHAINSs. Thus the number of stacks in each PCM-
CHAIN is decreased due to ON resistance of the layer select
transistor LSTTr. In the semiconductor storage device of the
embodiment 8, the channel semiconductor layer 51p of the
layer select transistor LSTTr. is connected in the Y direction,
thus the ON resistance is reduced. In addition, it is possible to
couple all of the gate electrodes of LSTTr. in each layer. In
addition, the leak current between PCMCHAINSs is sup-
pressed by the recess formed in the channel semiconductor
layer 50p of STTr. Thus it is not necessary to form a recess in
the channel semiconductor layer 51p of LSTTr.

When the memory cell operates, ON voltage is applied to
the gate (LST1 in FIG. 21) of the layer select transistor
LSTTr. of PCMCHAIN array including SMC. OFF voltage is
applied to the gate (LST2 in FIG. 21) of LSTTr. of other ones
of'the layer select transistor LSTTr. The method for selecting
PCMCHAIN and the method for selecting memory cells in it
are the same as those of the embodiment 1.

FIG. 22 is a diagram showing modifications of FIGS.
19-21. In FIGS. 19-21, the gate electrode 82p and the channel
semiconductor layer 51p of the layer select transistor LSTTr.
are formed by patterns extending into the Y direction in par-
allel with STTr. They may be formed by patterns extending
into the X direction perpendicular to STTr. Since the role of
LSTTr. is switching ON/OFF between the lower electrode 2
and STTr., the same functionality may be provided even if
LSTTr. is perpendicular to STTr. as shown in FIG. 22. In
LSTTr. of FIG. 22, it is also possible to reduce the ON resis-
tance by connecting the channel semiconductor layer 51p in
the X direction.

In FIGS. 19-21, LSTTr. is added to PCMCHAIN of the
semiconductor storage device of the embodiment 1, thereby
stacking PCMCHAIN. LSTTr. may be added to the structures
of'the embodiments 2-7 to stack PCMCHAIN arrays. In such
cases, at least one of the bit line 3/the word line 2/the cell
gate/the select transistor gate may be shared between multi-
ply stacked PCMCHAIN arrays. Thus increase in peripheral
circuit area size required for driving the bit line 3/the word
line 2/the cell gate/the select transistor gate can be restricted,
thereby promoting low bit costs. In addition, the channel
semiconductor layer 51p of the layer select transistor LSTTr.
may be extended in the X orY directions, thus the ON resis-
tance can be reduced.

Embodiment 8
Summary

As discussed thus far, in the semiconductor storage device
according to the embodiment 8, the bit line, the word line, the
cell gate, and the select transistor gate may be shared between
each layer of multiply stacked PCMCHAIN arrays. Thus
increase in peripheral circuit area size required for driving the
bit line, the word line, the cell gate, and the select transistor
gate can be restricted, thereby promoting low bit costs. Since
the channel of the layer select transistor may be shared to
reduce the ON resistance, it is possible to suppress decrease in
the number of stacked cells in PCMCHAIN even if the layer
select transistor is added. Accordingly, the semiconductor
storage device according to the embodiment 8 may achieve
increasing the capacity and decreasing bit costs of the semi-
conductor storage device.

The present invention is not limited to the embodiments,
and various modified examples are included. The embodi-
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ments are described in detail to describe the present invention
in an easily understood manner, and the embodiments are not
necessarily limited to the embodiments that include all con-
figurations described above. Part of the configuration of an
embodiment can be replaced by the configuration of another
embodiment. The configuration of an embodiment can be
added to the configuration of another embodiment. Addition,
deletion, and replacement of other configurations are also
possible for part of the configurations of the embodiments.

REFERENCE SIGNS LIST

2, 202: selection electrode
3, 203: lower electrode
21p, 22p, 23p, 24p: gate polysilicon layer
81p, 82p: gate electrode
7,207, phase-change material layer
8p, 50p, 51p, 208p, 250p, 251p: channel semiconductor layer
9,10, 20, 209, 210, 220: gate insulator film layer
60p, 61p, 62p, 260p, 38p, 238p: N-type semiconductor layer
11,12, 13, 14, 15, 71, 72, 73, 74: insulator film layer
211, 212, 213, 214, 215, 271, 272, 273, 274: insulator film
layer
31, 32,91, 92, 231, 232, 291, 292: insulator film layer
PCMCHAIN: phase-change memory chain
SPCMCHAIN: selected phase-change chain
USPCMCHAIN: non-selected phase-change chain
STTr.: select transistor
STUTr.: upper select transistor
STDTr.: lower select transistor
STO, STE: select transistor
LSTTr. layer select transistor
LST1, LST2: gate electrode of layer select transistor
GATE1, GATE2, GATE3, GATE4: gate electrode of transis-
tor
GATE21, GATE22, GATE23, GATE24: gate electrode of
transistor
GL1, GL2, GL3, GL4: terminal for supplying power to gate
STm-2, STm-1, STm, STm+1, STm+2, STm+3, STm+4,
STm+5: select transistor gate
BL, BLn-1, BLn, BLn+1, BLn+2: bit line
SBL: selected bit line
USBL: non-selected bit line
SMC: selected memory cell
WL: word line
VREAD: read voltage
VSET: set voltage
VRESET: reset voltage
Tsi: channel silicon film thickness
The invention claimed is:
1. A semiconductor storage device comprising:
aplurality of first select transistors, the first select transistor
disposed above a lower electrode, and the first select
transistor extended in a first direction;
aplurality of memory cell arrays disposed in the first direc-
tion, the memory cell array including one or more
memory cells connected in series in a normal direction
of the lower electrode; and
a selector that selects one of the plurality of memory cell
arrays along the first direction;
wherein an end of the memory cell array in the normal
direction is electrically connected with the first select
transistor, and another end of the memory cell array is
electrically connected with the selector,
wherein a plurality of the first select transistor is disposed
along a second direction that is perpendicular to the first
direction in a plane of the lower electrode,
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and wherein a channel of each of the first select transistor is
electrically connected with each of the memory cell
arrays adjacent to each other along the first direction.

2. The semiconductor storage device according to claim 1,

wherein a recess is formed by caving the channel in the
normal direction at a portion between the memory cell
arrays adjacent to each other in the first direction.

3. The semiconductor storage device according to claim 2,

wherein a depth of the recess is at or more than a distance
calculated by subtracting, from half of a minimum dis-
tance that can keep a withstand voltage between source/
drain of the first select transistor, half of an interval
between the memory cell arrays adjacent to each otherin
the first direction.

4. The semiconductor storage device according to claim 1,

wherein the selector is configured as a plurality of selection
lines disposed in the first direction, the selection line
extending in the second direction,

and wherein the another end of the memory cell array is
directly connected with the selection line which is dis-
posed above the memory cell array.

5. The semiconductor storage device according to claim 1,

the semiconductor storage device comprising a voltage
application circuit that applies an electric voltage to a
gate electrode of the first select transistor,

wherein the gate electrode of the first select transistor is
connected with, through a gate insulator film, each of
channels of each of the first select transistors adjacent to
each other in the second direction,

wherein the voltage application circuit applies a predeter-
mined ON voltage that turns ON the first select transistor
to the gate electrode connected with a channel of the first
select transistor to be turned ON,

wherein the voltage application circuit applies a second
OFF voltage smaller than a predetermined OFF voltage
that turns OFF the first select transistor to the gate elec-
trode connected with the channel at another side of the
gate electrode to which the ON voltage is applied, the
channel being a channel of the first select transistor to be
turned OFF and the channel being connected with the
gate electrode to which the ON voltage is applied,

and wherein the voltage application circuit applies the OFF
voltage to the gate electrode connected with the channel
at another side of the gate electrode to which the second
OFF voltage is applied, the channel being a channel of
the first select transistor to be turned OFF and the chan-
nel being connected with the gate electrode to which the
second OFF voltage is applied.

6. The semiconductor storage device according to claim 1,

wherein the selector comprising:

aplanar selection plate formed on a plane made by the first
direction and the second direction; and

a plurality of second select transistors provided along the
first direction corresponding to each of the memory cell
arrays, the second select transistor disposed between the
selection plate and the memory cell array, and the second
select transistor extending in the second direction.

7. The semiconductor storage device according to claim 1,

wherein the memory cell array includes a pair of memory
cells opposing to each other along the second direction,

and wherein the first select transistor is configured to select
each of the pair of memory cells individually.

8. The semiconductor storage device according to claim 1,

wherein the memory cell array includes a pair of memory
cells opposing to each other along the second direction,

wherein a gate electrode of the first select transistor is
connected with, through a gate insulator film, each of
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channels of each of'the first select transistors adjacent to
each other in the second direction,
wherein the semiconductor storage device comprising:

a third select transistor that is disposed between the
selector and the memory cell array and that individu-
ally selects the pair of memory cells; and

avoltage application circuit that applies an electric volt-
age to a gate electrode of the first select transistor,

wherein the voltage application circuit applies a predeter-
mined ON voltage that turns ON the first select transistor
to the gate electrode connected with a channel of the first
select transistor to be turned ON,

wherein the voltage application circuit applies a second

OFF voltage smaller than a predetermined OFF voltage

that turns OFF the first select transistor to the gate elec-

trode connected with the channel at another side of the
gate electrode to which the ON voltage is applied, the
channel being a channel of the first select transistor to be
turned OFF and the channel being connected with the
gate electrode to which the ON voltage is applied,

and wherein the voltage application circuit applies the OFF
voltage to the gate electrode connected with the channel
at another side of the gate electrode to which the second

OFF voltage is applied, the channel being a channel of

the first select transistor to be turned OFF and the chan-

nel being connected with the gate electrode to which the
second OFF voltage is applied.

9. The semiconductor storage device according to claim 1,

wherein the selector is configured as a planar selection
plate formed in a plane made by the first direction and
the second direction,

wherein the memory cell array includes a pair of memory
cells opposing to each other along the second direction,

wherein a gate electrode of the first select transistor is
connected with, through a gate insulator film, each of
channels of each of'the first select transistors adjacent to
each other in the second direction,

and wherein the semiconductor storage device comprising:

a fourth select transistor that is disposed between the
selector and the memory cell array, that is extended in
the second direction, and that is connected with each
of the memory cell arrays; and

a fifth select transistor that is disposed between the
fourth select transistor and the memory cell array, and
that individually selects the pair of memory cells.

10. The semiconductor storage device according to claim
15
wherein the memory cell array includes a pair of memory
cells opposing to each other along the second direction,
wherein the first select transistor is configured by:

a first gate electrode, that is connected with one of the
pair of memory cells included in a first one of the
memory cell array, and that is connected with one of
the pair of memory cells included in second one of the
memory cell array adjacent to the first one of the
memory cell array; and

asecond gate electrode that is connected with each of the
pair of memory cells included in the memory cell
array,

the first gate electrode and the second gate electrode
being paired and being connected with each other
through an insulator film,

wherein the semiconductor storage device comprising a
voltage application circuit that applies an electric volt-
age to the first gate electrode and to the second gate
electrode,
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wherein the voltage application circuit applies a predeter-

mined ON voltage that turns ON the first select transistor
to the first and second gate electrodes connected with the
memory cell to be selected,

OFF voltage smaller than a predetermined OFF voltage
that turns OFF the first select transistor, to the second
gate electrode that is connected with the memory cell to
be not selected and that is adjacent to the first gate
electrode to which the ON voltage is applied, and to the
first gate electrode that is connected with the memory
cell to be not selected and that is adjacent to the second
gate electrode to which the ON voltage is applied,

and wherein the voltage application circuit applies the OFF
voltage, to the second gate electrode that is connected
with the memory cell to be not selected and that is not
adjacent to the first gate electrode to which the ON
voltage is applied, and to the first gate electrode that is
connected with the memory cell to be not selected and
that is not adjacent to the second gate electrode to which
the ON voltage is applied.

11. The semiconductor storage device according to claim

wherein the semiconductor storage device is formed by

stacking a plurality of stacked bodies, the stacked body
comprising:

wherein the voltage application circuit applies a second 5
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the first select transistor;
the selector; and
the memory cell array,

and wherein the stacked body further comprising a layer

select transistor that is disposed between the first select
transistor and the lower electrode and that selects the
stacked body.

12. The semiconductor storage device according to claim
10 11,
wherein at least one of a gate electrode of the first select

transistor, the selector, the lower electrode, and a cell
gate electrode of the memory cell in the memory cell
array included in the stacked body is configured to be at
a same electric voltage as that of corresponding portion
included in another one of the stacked body,

and wherein a gate electrode of the layer select transistor is

electrically independent between each of the stacked
bodies.

13. The semiconductor storage device according to claim

wherein the memory cell is a resistance random access

memory.



